Relatively little information on the ecology and behavior of the chestnut lamprey is available in the primary literature. I synthesize findings from several field and laboratory studies, with an emphasis on lampreys from the St. Croix River drainage in Wisconsin and Minnesota. Spawning occurs in late May or early June, with year-toyear variability in the onset of spawning associated with differences in water temperature. After metamorphosis from the larval phase, some parasitic-phase lampreys move downstream, but others may feed parasitically in the same location where spawning and larval rearing occur. Parasitic attachments tend to occur relatively more often at night. Captive lampreys were able to attack successfully in complete darkness, but during the daytime they did not respond to visual cues when separated from hosts by a glass barrier. Like other parasitic species, chestnut lampreys tend to be size selective. Attachments tended to occur dorsally on hosts both in the laboratory and in the field. Host species in the Saint Croix River system include redhorse, northern pike, and brown trout. Much of the growth achieved during the parasitic phase occurs during the summer, but there is substantial variability in size on any given date. Although there is overlap in length, females achieve greater lengths than males. In comparison to the Manistee River and other Lake Michigan tributaries in western Michigan, the chestnut lamprey in the St. Croix River drainage has been less often perceived as a threat to trout, perhaps because of the greater availability of redhorse and other large catostomids.
Introduction
The chestnut lamprey (Ichthyomyzon castaneus) is widely distributed from southern Canada and the upper mid-western United States south to Texas and Louisiana (Page & Burr 2011 ). Reviews of the conservation status of North American lampreys (Mesa & Copeland 2009; Renaud et al. 2009 ) have indicated that chestnut lamprey populations are secure in parts of its range, but that it is threatened in Kansas and Iowa, at risk in Saskatchewan, sensitive in Manitoba, and possibly at risk in Ontario. Conversely, the author has been contacted within the past year by government personnel, researchers, or citizens from Arkansas and Indiana concerned about the potential effect of chestnut lamprey parasitism on trout populations.
Relatively little information is available in the primary literature on the ecology and behavior of the chestnut lamprey throughout much of its geographic range. Although some anecdotal information has been provided from Canada (Case 1970; Jensen 1980; Lanteigne 1992; Renaud et al. 1996; Renaud & de Ville 2000) and the southern US (Knapp 1951; Hall & Moore 1954; Moore & Kernodle 1965; Robison et al. 1983; Mayden et al. 1989) , in the upper Mississippi River, where the chestnut lamprey coexists with the silver lamprey (I. unicuspis), wounds or scars on hosts, or even sightings of lampreys attached to fish, cannot be ascribed with certainty to either lamprey species (Starrett et al. 1960; Hubley 1961) . Even in the two geographic regions where chestnut lampreys have been studied more intensively, (1) the Lake Michigan tributaries of western Michigan and (2) the St. Croix River drainage of northwestern Wisconsin and adjacent Minnesota, much of the data has appeared only in the grey literature or is embedded in broader treatments of multiple species. In Michigan, the life history and ecology of the chestnut lamprey have been most elaborately detailed in the Manistee River (Hall 1960 (Hall , 1963 Nuhfer 1993) . Distribution and ecology in Lake Michigan tributaries, as well as fecundity and reproductive behavior, have also been reported (Morman 1979; Manion & Hanson 1980; Beamish & Thomas 1983; Schuldt et al. 1987 ). In the St. Croix River drainage, the distribution of the chestnut lamprey and marks on host fish have been recorded during biological surveys (Kuehn et al. 1961; Reedstrom 1964) . Field and laboratory observations on chestnut lampreys from the Namekagon River have been incorporated into reviews of various aspects of lamprey biology, including host size selectivity (Cochran 1985) , daily timing of attacks (Cochran 1986a) , site selectivity on hosts (Cochran 1986b) , spawning beneath cover (Cochran & Gripentrog 1992) , predation ), use of small hosts (Cochran & Jenkins 1994) , overwintering (Cochran et al. 2003) , and nesting associations (Cochran et al. 2008) .
The purposes of this paper are (1) to provide additional information on the chestnut lamprey, with an emphasis on the St. Croix River drainage, based on a combination of field observations and laboratory experiments and (2) to compare and contrast the interaction of the chestnut lamprey and its hosts in the two regions where this species has been most thoroughly studied. Specifically, new field data are provided on (1) spawning localities, dates, and temperature, (2) host species attacked in areas not yet dominated by exotic species, (3) sites of attachments on hosts by free-ranging lampreys (heretofore reported only for confined animals), and (4) seasonal changes in length, whereas data from laboratory experiments are provided to assess the importance of visual cues in successful attachment to hosts. Information related to spawning is critical, in that Mesa and Copeland (2009) suggested that loss of spawning areas is the main threat faced by chestnut lampreys. It is also important to record data on host species used prior to invasion by exotic species (Cochran 2009 ); Asian carp spreading up the Mississippi River drainage have already been reported as hosts for chestnut lampreys in Iowa (Flammang & Olson 2010) .
Methods
The data reported herein were collected during the period from 1982 to 2013, primarily in the St. Croix River drainage in northwestern Wisconsin. Field work was most extensive in the Namekagon River and its tributaries in Sawyer and Bayfield counties (observations during 13 separate years). The Namekagon River in this area (Figure 1 ) has a mean width of 26 m, a mean depth of 0.5 m, and a mean gradient of 1.1 m km À1 , with stable flow, substantial groundwater input, and a slight tannic stain, and it is impounded by several dams (Sather & Threinen 1968; Kuska et al. 1974; Cochran 1987) . Data were also collected in other St. Croix River tributaries, including the Yellow River, and, in Minnesota, the Sunrise and Grindstone rivers and Crooked Creek. Outside of the St. Croix River drainage, observations of spawning were made in the Black River at the head of Hawk Island below Black River Falls (Jackson County, WI), and several host records were obtained during the course of sampling in the Wisconsin and Mississippi rivers.
Spawning was observed during the course of surveys for southern brook lampreys (Ichthyomyzon gagei ; Cochran 1987; Cochran & Pettinelli 1988; Cochran & Gripentrog 1992) and incidentally during the course of other fish sampling. During 1997 and 1998, it was possible to visit known spawning sites in the Namekagon River repeatedly to assess the timing of the onset of reproduction. Surveys were typically conducted visually while wading, but some spawning groups were detected during snorkel surveys. Distinction was made between 'stragglers' and spawning groups. Stragglers or 'loners' (Mundahl & Sagan 2005) are solitary adults present in typical spawning habitat. When present early in the spawning season, they may simply represent the first individuals to arrive in the spawning habitat. When present after spawning has peaked, Figure 1 . The reach of the Namekagon River in Wisconsin where most data were collected. they may represent spent individuals that have not yet died. If not accounted for and analyzed separately, stragglers may introduce variability into data compiled for spawning groups (Cochran et al. 2012) .
Observations of chestnut lampreys on hosts were obtained opportunistically during fish collections by electrofishing or seining, during snorkel surveys, and by observation from bridge crossings. Host species and position of the lamprey on the host were identified when possible. I recorded the attachment sites of lampreys on their hosts according to the regions used by previous workers (e.g. Cochran 1986b; Bergstedt et al. 2001) . Region I is the head; region II is posterior to the head, above the lateral line, and anterior to the dorsal fin; region III is posterior to the head, below the lateral line, and anterior to the dorsal fin; region IV is posterior to region II, above the lateral line, and anterior to the anal fin; region V is posterior to region III, below the lateral line, and anterior to the anal fin; and region VI includes the caudal peduncle and caudal fin. Attachments to hosts that were dead or moribund were not included in the analysis because the hosts may not have been upright in a normal position at the time of attachment. When lampreys were collected, measurements of living specimens were obtained after they were anaesthetized with tricaine methanesulfonate (MS222).
Lampreys used in experiments were transported to the laboratory in insulated coolers. They were maintained as described by Cochran (1989) in 520-L fiberglass tanks in filtered, recirculating water at 20 C (AE1 C) and a 12h:12h photoperiod, and the experiments were conducted under the same conditions. Common carp (Cyprinus carpio) from the Fox River in Brown County (total length: 31À53 cm) were used as hosts in most cases, although smaller channel catfish (Ictalurus punctatus) and white suckers (Catostomus commersonii) were confined with lampreys on a few occasions.
To test the ability of chestnut lampreys to attach to hosts in the dark, each of eight lampreys was separately confined with a common carp at the beginning of a 12-h dark period. The laboratory in which the experimental tank was held had originally been equipped as a photographic darkroom. Lights were turned on manually just prior to the end of the dark period to determine whether the lamprey had attached to the host.
To test the effectiveness of visual cues alone to elicit attacks by chestnut lampreys, a common carp confined in an all-glass 40-L tank was suspended in the larger tank with each of eight lampreys, and the lamprey was observed for a 2-h period for movement toward the carp. After this observation period, the motivation of the lamprey to feed was assessed by confining it with the carp in a second tank for a 12-h period.
Results

Spawning
Spawning by chestnut lampreys in the Namekagon River occurred during a window of approximately 15 days from 25 May to 9 June ( Figure 2 ) with a mean date of 30 May, and at water temperatures between 15 and 22 C ( Figure 3) , with a mean temperature of 19.9 C. Stragglers were observed over a slightly greater range of dates and temperatures than spawning groups (Figures 2 and 3 ). Levene's test for equality of variances indicated that variances for both spawning date (F ¼ 4.99, p ¼ 0.031) and temperature (F ¼ 16.4, p < 0.001) were significantly greater for stragglers. In 1997, a year with a late spring, surveys were initiated on 29 May, but no evidence of spawning was observed until 9 June at 21 C, when five stragglers were observed, some in the vicinity of a group of southern brook lampreys (two aggregations of this species were found under cover on 6 June). In 1998, a year with an early spring, spawning was in progress on 26 May, the first day of surveys, at 22 C. In the Black River, two male stragglers were observed on 3 June 2010. Three spawning groups (two, three, and six individuals) were observed at depths of 18À30 cm on 1 June 2011 (18 C). On 3 June 2011 (20 C), four groups (two, three, four, and six) were observed at depths of 18À46 cm, and two to three stragglers were also observed. During the very early spring of 2012 (Cochran et al. 2012 ), a spawning group of approximately 15 was observed on 24 May (20 C) at the usual location, and a group of five was found $200 m down the side channel on the eastern side of Hawk Island. A few stragglers were also present. Some of these appeared lethargic and spent, some of the lampreys in the spawning groups displayed the physical damage that results from the wear and tear of spawning, and it appeared that spawning had peaked. In 2013, very high water (up to 3 m above normal) kept the spawning site inaccessible during the expected spawning period and may have prevented spawning.
Parasitic feeding
Chestnut lampreys in the St. Croix River drainage were observed attached primarily to catostomids. Of 69 attachments, 16 were to redhorse (Moxostoma spp.), nine to white suckers, three to northern hogsuckers (Hypentelium nigricans), 16 to unidentified catostomids (most were probably redhorse), three to brown trout (Salmo trutta), three to northern pike (Esox lucius), and one each to brown bullhead (Ameiurus nebulosus) and bluegill (Lepomis macrochirus). Parasitic-phase chestnut lampreys were observed not only in the vicinity of deeper impoundments (e.g. Hayward Lake and its tailwaters), but also upstream pools or runs in the vicinity of spawning areas (parasitic-phase lampreys were sometimes uncovered beneath the same rocks as spawning phase chestnut and southern brook lampreys). In Wisconsin outside of the St. Croix River drainage, I have four records of attachments to common carp, one to a northern pike, and one to a paddlefish (Polyodon spathula) in the Wisconsin River; the latter also carried two silver lampreys.
Chestnut lampreys in the field tended to attach dorsally on their hosts (Figure 4 ). Although the number of attachments in dorsal regions II and IV combined was approximately the same as the number in ventral regions III and V combined, all attachments in region I were to the dorsal surface of the head, many of the attachments in region III were to the dorsal surfaces of the horizontally held pectoral fins of catostomids, and many of the attachments that were not included in Figure 3 were excluded because they were on the boundary of regions II and III and could not be confidently assigned to either region.
In the laboratory, all eight chestnut lampreys exposed to carp in the darkroom had attached within a 12-h period. Conversely, none of the eight lampreys exposed only to the visual cue of a carp confined in a glass tank showed any response (i.e. by swimming toward the carp or attaching to the glass), but they had each attached to an unconfined carp within the next 12 h.
Size and growth
Parasitic-phase chestnut lampreys achieved much of their growth in length from the end of May through September ( Figure 5 ). There was substantial variability in length of lampreys captured on any given date. Some variability may have been due to differences between sexes. Although the distributions of lengths of spawning-phase males and females overlapped (Figure 6 ), the mean lengths of females (248.4 mm, N ¼ 10, SE ¼ 7.1 mm) and males (224.7 mm, N ¼ 15, SE ¼ 4.9 mm) were significantly different (t ¼ 2.834, df ¼ 23, p ¼ 0.009). The longest lamprey recorded during this study was a 286-mm spawning phase female. Weights were obtained for 26 parasitic-phase (11.86À29.84 g) and three spawning-phase (16.40À36.55 g) lampreys. For parasiticphase lampreys, the simple linear least square regression of the natural logarithm of weight in grams (ln(W)) on the natural logarithm of length in mm (ln(L)) was ln(W) ¼ À11.814 þ 2.734 ln(L) (r 2 ¼ 0.739).
Discussion
The chestnut lamprey generally inhabits smaller bodies of water than the closely related silver lamprey (Becker 1983) , although both species occur in the Mississippi River and some of its tributaries (Starrett et al. 1960; Hubley 1961) . In some drainages, parasitic-phase individuals move downstream to feed in lakes or other large waters (Holt & Durkee 1983 / 1984 , but in other systems, such as the Namekagon River, at least some chestnut lampreys remain in the vicinity of their spawning grounds throughout the parasitic phase. It is perhaps this tendency to be more sedentary than other parasitic species that permits chestnut lamprey populations to persist upstream from barrier dams. Thus, Morman (1979) found isolated populations above long-established dams in eight streams in Michigan, Schmidt (1993) found chestnut lampreys above the Knife Lake Dam on the Knife River, Minnesota, and Becker (1983) , and Cochran (1994) reported healthy populations separated by dams along the Namekagon River. Hall and Moore (1954) suggested that dams on Oklahoma streams benefited chestnut lampreys because reservoirs acted as silting basins and resulted in better habitat downstream, and because potential hosts were concentrated below dams that blocked upstream movement. Cochran (1994) suggested that dam construction along the Namekagon River may have benefited chestnut lampreys by providing a series of deeper pools that provide habitat for larger hosts and potential overwintering habitat for lampreys less subject to the effects of flooding and ice scour. Morman (1979) noted that 11 streams inhabited by chestnut lampreys in Michigan had embayments or lakes at or near their mouths that provided accessory habitat for host fishes.
Spawning
Lampreys typically spawn in gravel or other coarse substrate just upstream from riffles, but specific locations have not been widely reported, especially for native parasitic species. Because of surveys for the exotic sea lamprey (Petromyzon marinus), the spawning sites of native parasitic lampreys have been well documented within parts of the Great Lakes basin (Morman 1979) , but in other areas there is often little information available. For example, Cochran and Lyons (2004) provided the only published record of a spawning site for silver lampreys in Wisconsin. Spawning sites for chestnut lampreys in the St. Croix River basin are better known (Cochran & Gripentrog 1992) , but the Black River locality reported herein is the first Wisconsin record outside of that system. Both chestnut and silver lampreys are widely distributed in Wisconsin in rivers such as the Wisconsin and Mississippi (Becker 1983; Fago 1992) where typical spawning habitat is not frequent, at least in modern times. The Black River site at the head of Hawk Island is the only obvious riffle between Black River Falls and the Mississippi River, and even that site may not be available for spawning during years with high water. Like other lampreys with wide distributions (Cochran et al. 2012) , the spawning season of the chestnut lamprey varies with latitude. Mettee et al. (1996) stated that they spawn in Alabama in April or May. Etnier and Starnes (1993) suggested that they probably spawn in early May in Tennessee and collected an adult on 23 May that was already spent. Hall and Moore (1954) collected 26 spawning adults on 19 April in Oklahoma, and Robison et al. (1983) observed spawning on 19 May in an Arkansas stream. Pflieger (1997) indicated that spawning in the Ozarks of southern Missouri always occurs during the first three weeks of May. Although Hall (1963) observed a spawning group of chestnut lampreys in a Michigan stream on 15 June in one year and a straggler on 8 June in another, Morman (1979) observed 10 nests over a range of dates from 28 May to 25 June, with a peak in early June. Becker (1983) provided a second-hand account of what he interpreted to be a spawning group of chestnut lampreys in mid-April in central Wisconsin, but our data indicated that spawning occurs in late May or early June. Finally, Case (1970) observed spawning in mid-June in Manitoba, and Scott and Crossman (1973) stated that spawning in Canada occurs from early June to early July, with a peak in mid-June.
Less information is available on the water temperature at which spawning occurs throughout the range of the chestnut lamprey, but it would appear that spawning temperature varies much less among geographic localities than does spawning date. Single spawning groups were observed by Robison et al. (1983) C observed in the present study for the St. Croix River drainage and the range of 18À20 C observed in the Black River. A difference of approximately two weeks between 1997 and 1998 in the initiation of spawning in the Namekagon River suggests that thermal regime is more important than calendar date (photoperiod) in the timing of spawning in chestnut lampreys, as has been suggested for other species (Cochran et al. 2012 ).
Parasitic feeding
Chestnut lampreys have been reported to attack a wide variety of fish (Renaud & Cochran forthcoming) , including paddlefish, pike, carp, catfish, buffalo, redhorse, trout, bass, and sunfish. Although they sometimes attack small hosts (Hall 1963; Cochran & Jenkins 1994) , Cochran (1985) demonstrated experimentally with lampreys from the Namekagon River that they selectively attack larger hosts. In the Namekagon River, the largest hosts present at most sites are redhorse and northern pike. Indeed, an analysis of fish assemblages throughout the St. Croix River drainage included chestnut lampreys with redhorse and northern pike in a species grouping strongly associated with sites with upstream drainage areas >1000 km 2 (Newall & Magnuson 1999) . Free-ranging chestnut lampreys tended to attach dorsally on hosts observed in the field during this study. This is consistent with the results of laboratory experiments using chestnut lampreys from the Namekagon River (Cochran 1986b) and field experiments using chestnut lampreys caged in the Upper Manistee River in Michigan (Nuhfer 1993) . Cochran (1986b) suggested that experimental tank size may affect the tendency for lampreys to attack dorsally or ventrally, with dorsal attachments more frequent in small, shallow tanks. The typical laboratory tank is more similar to a shallow stream or river than to a deep lake or marine environment.
Previous reports have suggested that chestnut lampreys attack hosts more frequently at night (Hall 1963; Cochran 1986a) . The results of the present study suggest that host visual cues are neither necessary nor sufficient to elicit attachment. Lampreys can orient to the sources of host odors (Kleerekoper & Mogensen 1963; Kleerekoper 1972) , and the silver lamprey, a congener of the chestnut lamprey, possesses electroreceptors that may help in locating and attaching to hosts (Bodznick & Preston 1983) .
Size and growth
During the portion of the year represented by the data collected during the present study, there was substantial variability in total length on any given date ( Figure 5 ). Although some variability may be due to differences among years, some is due to differences between sexes (Figure 6 ). Hall (1963) reported that females were significantly longer than males by mid-August, and mean total length and body mass of upstream migrant males were significantly less than corresponding values for females (Schuldt et al. 1987) . The largest lamprey collected during the present study, a 286-mm female, was longer than the maximum length reported by Becker (1983) for Wisconsin (271 mm) or Morman (1979) for Michigan (250 mm), but it is likely that they reported preserved lengths, and length of lampreys declines after preservation (Schuldt et al. 1987; Cochran & Marks 1995) . In any case, these lengths are greatly exceeded by the maximum length of 363 mm (live measurement) reported by Moore and Kernodle (1965) 
It is possible that some variability in Figure 6 is due to differences in the time at which individuals begin and complete parasitic feeding. According to Hall (1963) , the typical chestnut lamprey begins feeding parasitically during the spring following its metamorphosis from the larval stage. Most feeding occurs from May to October, with a peak in July, and a period of winter inactivity is followed by spawning and death in the spring. However, there may be variations from the typical feeding schedule. Hall (1963) provided some indication of attachments to hosts outside of the principal feeding season. He suggested the possibility that some newly transformed lampreys begin feeding in the fall and also that some mature adults feed briefly in the spring prior to spawning. Cochran et al. (2003) provided evidence that at least some chestnut lampreys remain attached to hosts during the winter. Finally, one of two chestnut lampreys removed from a dead golden redhorse in the Grindstone River on 1 June 1986 measured 212 mm in length, within the length range of mature adults. Figure 5 is incomplete in that it does not include data for individuals early in the parasitic phase. Hall (1963) collected what he thought was a newly transformed adult in September, but he also wrote that metamorphosis was complete by January and that newly transformed lampreys ready to start parasitic feeding were approximately 100 mm long on 1 March. However, Holt and Durkee (1983/1984) captured 19 newly transformed chestnut lampreys in the Clearwater River of Minnesota on 25 March that averaged 133.5 mm (my calculation from their data). It would be valuable, although logistically difficult, to collect additional data in the Namekagon River during the late fall À early spring period.
Geographic comparison
Our understanding of the impact of parasitic-phase chestnut lampreys on host populations is based largely on work done in two river systems, the Manistee River in Michigan and the St. Croix River drainage in Minnesota and Wisconsin. The Manistee River is a clear trout stream popular with anglers, where Hall (1963) estimated that chestnut lampreys in a one-mile (1.6 km) reach, chosen to include the area of greatest apparent abundance, declined from approximately 2000 parasitic-phase individuals in May to 200 in October. During this time, the lampreys destroyed an estimated 23.5 kg ha À1 of trout, approximately a third of that available to anglers, but this estimate admittedly did not account for trout that survived lamprey attacks or trout that were caught by anglers before succumbing to the effects of a previous or ongoing attack. During early summer as many as 30% of the trout observed during snorkel surveys had lampreys attached.
Concern about the effect of chestnut lampreys on the survival of native and stocked trout in the Manistee River led to the chemical treatment of 90 km in 1966 (Nuhfer 1993 and references therein), with the goal of eliminating not only lampreys but also other fish species that were thought to compete with trout. A complete kill of lampreys and other fish was not obtained, and, although trout fishing was reported to improve for several years after the treatment, it was not possible to distinguish between the effects of lamprey reduction, reduction of other fishes, and variable stocking rates of trout (Nuhfer 1993) . Renewed public concern about chestnut lampreys in the late 1980s led to Nuhfer's (1993) attempt to assess (1) frequencies of attack on both free-living fish and caged brown trout exposed to lampreys in the river and (2) mortality of the caged trout. Although frequencies of attack were often high, lamprey-induced mortality of caged trout could not be reliably estimated because of the confounding effects of stress-causing factors such as confinement, periods of high water temperature, and disease. Whereas from 0% to 100% of trout attacked by lampreys in the various test groups died, from 4% to 80% of trout not attacked also died during the same test intervals.
In the St. Croix River drainage, chestnut lampreys are strongly associated with redhorse and other catostomids (Kuehn et al. 1961; Reedstrom 1964 ; this study). Although Kuehn et al. (1961) suggested that local scarring rates on redhorse were related to the abundance of chestnut lampreys in the same area, they also concluded that redhorse abundance was unaffected by lamprey parasitism. Chestnut lampreys are known to attack brown trout in the Namekagon River (Becker 1983 ; this study). Roughly the same proportions of trout and suckers carried lampreys during four years of trout surveys, but because suckers far outnumbered trout, more lampreys were attached to suckers at any point in time (Frank Pratt, Wisconsin Department of Natural Resources, in Cochran 1994) . Possibly the advantages associated with the suckers' larger size outweigh the benefits associated with the trout's less formidable scale layer and greater relative blood volume (Cochran 1994) .
There are interesting similarities and differences between the Manistee and St. Croix cases. In both systems, human modifications may have led to increased abundance of chestnut lampreys. Nuhfer (1993) believed that historical logging practices increased sedimentation in the Manistee River and enhanced habitat for larval lampreys, whereas Cochran (1994) guessed that dam construction on the Namekagon River improved habitat for parasitic-phase lampreys by providing a series of deeper flowages in what was originally a single long reach of shallow stream. In both systems, stocking of non-native salmonids provided new feeding opportunities for the native chestnut lampreys, but this may have been especially important in the Manistee River during the historical period when thousands of catchable-sized trout were stocked each year. Not only were these in themselves excellent hosts for the lampreys, but they also probably served as forage for trophy-sized brown trout, also excellent hosts (Nuhfer 1993) . That chestnut lampreys came to be perceived as a potential problem in the Manistee River but not in the St. Croix drainage is probably due to the greater numbers of catostomids in the latter to serve as alternative hosts. Although Hall (1963) collected as many as 62 chestnut lampreys in two days by baiting a trap with a single large sucker, he observed few large suckers in the Manistee River. In the St. Croix River drainage, abundant redhorse and other suckers may buffer the impact of chestnut lampreys on gamefish (Cochran 1994) .
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